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Physics:Physics:

� Measure Measure protonproton spin structure function  spin structure function gg
22
((xx,,  QQ²²))  and spinand spin  asymmetry asymmetry AA

1 1 
((xx, , QQ²²))  

atat momentum transfer 2.5 momentum transfer 2.5  ��  QQ²²  �� 6.5 6.5 GeV² and Bjorken  GeV² and Bjorken xx  0.3 0.3 ��  x x �� 0.8 0.8

� StudyStudy  xx and  and QQ² dependence² dependence, , twist-3twist-3 effects,  effects, momentsmoments of  of gg
22
 and  and gg

11
, comparison , comparison 

with with Lattice QCDLattice QCD predictions, test polarized  predictions, test polarized local dualitylocal duality for  for WW> 1.4 GeV, > 1.4 GeV, 

� Single-arm experiment with large solid angle electron telescope Single-arm experiment with large solid angle electron telescope BETABETA



Lepton-Nucleon Polarized ScatteringLepton-Nucleon Polarized Scattering

� General form of polarized scatteringGeneral form of polarized scattering
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� Nuclear spins parallel or perpendicular to the beam helicity Nuclear spins parallel or perpendicular to the beam helicity 
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Spin Structure Functions (SSF's) Spin Structure Functions (SSF's) 

� SF's in DIS: Parton model (and Operator Product Expansion - OPE)SF's in DIS: Parton model (and Operator Product Expansion - OPE)

� SF's at Low Energy (e.g. Resonances): forward virtual Compton scatteringSF's at Low Energy (e.g. Resonances): forward virtual Compton scattering

� Transition from low energy (resonances) to high energy (DIS) Transition from low energy (resonances) to high energy (DIS) 
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TransverseTransverse  SpinSpin  Structure FunctionsStructure Functions

� Polarized transverse structure function has no simple parton model interpretation Polarized transverse structure function has no simple parton model interpretation 

� ggggggggg
222222222
  iiss combination of twist-2 and twist-3 components: combination of twist-2 and twist-3 components:

� WWandzura-andzura-WWilczek part depends onilczek part depends on  ggggggggg
111111111
;;          hh

TT
 is twist-2 chiral odd transversity is twist-2 chiral odd transversity

�   ξξξξξξξξξ represents twist-3 quark-gluon correlations. represents twist-3 quark-gluon correlations.

� Transverse spin structure function Transverse spin structure function gg
TT
 measures spin distribution normal to virtual  measures spin distribution normal to virtual γγγγγγγγ
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Transverse Spin Structure Sum RulesTransverse Spin Structure Sum Rules
� OPE relates moments of OPE relates moments of gg

11
, , gg

22
 to twist-2 ( to twist-2 (aaaaaaaaa

NNNNNNNNN
), twist-3 (), twist-3 (ddddddddd

NNNNNNNNN
) matrix elements.) matrix elements.

� ddddddddd
NNNNNNNNN
 measure twist-3 contributions (for  measure twist-3 contributions (for m m << << MM and  and hh

TT
 not too large. not too large.))

� Burkhardt-CottinghamBurkhardt-Cottingham

� not from OPEnot from OPE

� Efremov-Leader-TeryaevEfremov-Leader-Teryaev

� valence quarksvalence quarks
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Beyond Inclusive Longitudinal ScatteringBeyond Inclusive Longitudinal Scattering

� Eight distribution functions:Eight distribution functions:

� quarkquark  kk
��������
 independent (leading twist) independent (leading twist)

� FF
11
, , gg

11
, inclusive, inclusive

� ��������  = transversity= transversity

� quarkquark  kk
��������
 dependent dependent

� gg
1T 1T 

= = gg
1 1 
+ + gg

22
, inclusive, mixed twist., inclusive, mixed twist.

� hh
11LL

��������,  ,  hh
11TT

��������,  ,  semi - inclusive, semi - inclusive, TT- even - even 

� ff
11TT

��������,  ,  hh
11

��������,  ,  semi - inclusive, semi - inclusive, TT- odd - odd 
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� Spin Dependent Fragmentation: Semi-Spin Dependent Fragmentation: Semi-
inclusive Leptoproductioninclusive Leptoproduction

� Hadron (Hadron (��, K,..)-, K,..)-lepton lepton 
coincidencecoincidence

� Semi-inclusive AsymmetriesSemi-inclusive Asymmetries

� Spin Dependent Exclusive Scattering:Spin Dependent Exclusive Scattering:

� Generalized Parton DistributionsGeneralized Parton Distributions



 Data on  Data on AA
��
  andand A A

��
�� protons and deuterons protons and deuterons

� Central kinematics for Central kinematics for AA
||||
  

and and AA
��
 measurements on  measurements on 

protons and deuteronsprotons and deuterons

� QQ22�� 10 GeV 10 GeV22

� Data fromData from

� SLACSLAC

� HERMESHERMES

� JLab Hall B (upper JLab Hall B (upper 
limit of limit of QQ22))

� JLab Hall CJLab Hall C

� (SMC data (SMC data xx < 0.05  < 0.05 
not shown)not shown)
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SANE Kinematics and LayoutSANE Kinematics and Layout

� Two beam energies:Two beam energies:

� 6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)6 GeV (black)

� 4.8 GeV (green)4.8 GeV (green)

� Hall CHall C

� CEBAF polarized beamCEBAF polarized beam

� 85 nA85 nA

� 75% beam polarization75% beam polarization



Big Electron Telescope Array - BETABig Electron Telescope Array - BETA

� Three subsystems:Three subsystems:

� Lead glass calorimeter BigCal: main Lead glass calorimeter BigCal: main 
detectordetector

� Gas Cherenkov (N): additional pion Gas Cherenkov (N): additional pion 
rejectionrejection

� Lucite hodoscope: trackingLucite hodoscope: tracking

� Target field sweeps low Target field sweeps low EE  backgroundbackground

� CharacteristicsCharacteristics

� Effective solid angle (with cuts) = Effective solid angle (with cuts) = 
0.194 sr0.194 sr

� Energy resolution 5%/Energy resolution 5%/  EE(GeV)(GeV)

� angular resolution = 2angular resolution = 2!!

� 1000:1 pion rejection1000:1 pion rejection



SANE in Hall CSANE in Hall C

BigCalBigCal

LuciteLucite

Gas CherenkovGas Cherenkov

Beam LineBeam Line

Polarized TargetPolarized Target

HMSHMS

� Lucite Cherenkov:Lucite Cherenkov:

� 16 16 xx by 8  by 8 yy  
hodoscopehodoscope

� 1.25 cm thick 1.25 cm thick xx,   ,   
2.5 cm  thick 2.5 cm  thick yy

� PMT at each endPMT at each end

� reflective wrap: 10 p.e.'sreflective wrap: 10 p.e.'s



UVa Polarized TargetUVa Polarized Target
� Dynamic Nuclear PolarizationDynamic Nuclear Polarization

� 5 T Field5 T Field

� can steer beamcan steer beam

� affect optics of scattered electronsaffect optics of scattered electrons

� 1 K evaporative refrigerator1 K evaporative refrigerator

� Composite target: N+H+He Composite target: N+H+He 

� asymmetry is diluted by unpolarized asymmetry is diluted by unpolarized 
materialsmaterials

� Measure target polarizationMeasure target polarization

� calibration: thermal equilibriumcalibration: thermal equilibrium

� continuous monitoring by NMRcontinuous monitoring by NMR



� All four kinematics All four kinematics 
are similar.are similar.

Acceptance: E = 6.0 GeV, Acceptance: E = 6.0 GeV, """"""""
NN
= 180= 180!!!!!!!!



Beam Line Background StudiesBeam Line Background Studies



Beam Line Background StudiesBeam Line Background Studies

Conducted preliminary beam line Conducted preliminary beam line 
background studies using simulation background studies using simulation 
package of Pavel Degtiarenko.package of Pavel Degtiarenko.

� Parallel field:Parallel field: no problems with BETA  no problems with BETA 
at 40at 40°°..

� Transverse field:Transverse field: a large fraction of  a large fraction of 
electrons escape pathologically into electrons escape pathologically into 
BETA:BETA:

� expect at most 200 kHz/PMT for expect at most 200 kHz/PMT for 
Gas Cerenkov.Gas Cerenkov.

� Pileup, trigger rates, detector rates Pileup, trigger rates, detector rates 
all remain manageable.all remain manageable.

� These numbers are conservative...These numbers are conservative...  
will probably have a reduction of at will probably have a reduction of at 
least 2 in Cerenkov rates.least 2 in Cerenkov rates.



Rates in BETARates in BETA

     Gas Cerenkov (> 20 MeV)        Calorimeter (> 900 MeV)
E �# Trig E �# Trig

4.8 28.1 242.0 30.5 4.8 0.3 1.0 7.2 8.5
4.8 1590.0 223.0 1592.2 4.8 0.3 1.0 7.1 8.4
6.0 25.3 255.0 27.9 6.0 0.3 1.1 8.1 9.5
6.0 1510.0 236.0 1512.4 6.0 0.3 1.2 8.0 9.4

BETA Trigger Rates
E True Accd         offline A/T

4.8 0.31 0.03 0.0%
4.8 0.31 1.34 0.6%
6.0 0.31 0.03 0.0%
6.0 0.31 1.43 0.6%

e# e# �!+Ν



Background RatesBackground Rates

� Dominated by charge-symmetric Dominated by charge-symmetric 
processes, mostly processes, mostly ππ00  →→  γ γ ee+ + ee−−..

� Measure ratio of rates in HMS.Measure ratio of rates in HMS.

� Measure ratio of asymmetries using Measure ratio of asymmetries using 
events with events with γ, γγγ, γγ and e and e+ + ee−− in BETA and  in BETA and 
use CLAS data.use CLAS data.

� Hadron backgrounds measured by Hadron backgrounds measured by 
ignoring Gas Cerenkov in trigger.ignoring Gas Cerenkov in trigger.

� Reduce Positron Rates by increasing Reduce Positron Rates by increasing 
energy thresholdenergy threshold



SANE Expected ResultsSANE Expected Results

� xx dependence at constant  dependence at constant QQ22 and  and QQ22 dependence at fixed  dependence at fixed xx

� Multiple Multiple data points at different data points at different QQ22 values for each value of   values for each value of  xx



SANE Expected Results (II)SANE Expected Results (II)

� DIS data DIS data up to up to xx = =  00.6; .6; Resonances meaResonances measured down to sured down to WW = 1.38 GeV = 1.38 GeV

� gg
22
 measured in region of most sensitivity for  measured in region of most sensitivity for dd

22



SANE Expected Results (III)SANE Expected Results (III)

� Twist-3 matrix element Twist-3 matrix element dd
22
 =  = ��

00

1 1 xx2 2 (2(2gg
11
 + 3 + 3gg

22
) ) dxdx calculable in lattice QCD calculable in lattice QCD

� expected error on expected error on dd
22
 ( (QQ22 = 2.5 to 6.5 GeV = 2.5 to 6.5 GeV22) = ) = 0.00090.00090.00090.00090.00090.00090.00090.00090.0009 ( (½½½½½½½½½ the current world error) the current world error)

� Test of polarized local duality with Test of polarized local duality with 

WW resolution  resolution �� 130 MeV, constant 130 MeV, constant QQ22



Estimated Systematics for 6 GeVEstimated Systematics for 6 GeV

                    Radiative Corrections 1.5%
                    Dilution Factor 2.0%
                    Target Polarization 2.5%
                    Beam Polarization 1.0%
                    Nitrogen Correction 0.4%

              A1p                g2

R 0.8% 1.2% 1.5% 1.3%
Kinematics 0.4% 0.5% 2.7% 4.5%
Background 1.0% 1.0% 3.7% 1.8%

Local 2.1% 2.3% 4.0% 4.1%
Global 3.3% 3.3% 4.6% 4.7%
Total 4.2% 4.0% 6.8% 6.7%

x=0.3 x=0.6 x=0.3 x=0.6



Beam Time RequestBeam Time Request

Energy Time (h)

Production 6.0 180 100
6.0 80 200
4.8 180 70
4.8 80 130
2.4 - 10

Systematics Packing Fraction 20
Mollers 21
Total beam time 551   (23 d)

Overhead Anneals 62
Energy Change 48
Target Rotation 48
Stick Changes 48
Total Overhead 206   (9 d)

Requested Time 654   (27 d)

θθθθN



PAC 24 ReportPAC 24 Report
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 Spin Structure Physics
� JLab, Temple, UVa,W&M

Detectors
� Yerevan, JLab (LA Tech)

Calorimeter
� Protvino, UVA, Temple

Target
� JLab, UVA



Physics from SANEPhysics from SANE
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